Differential responses of an invariant region in the ectodomain of three glycoprotein hormone receptors to mutagenesis and assay conditions.
The glycoprotein hormone receptors-luteinizing hormone receptor (LHR), follicle-stimulating hormone receptor (FSHR), and thyroid-stimulating hormone receptor (TSHR)--are G-protein-coupled receptors with an invariant 10-amino acid residue sequence in the ectodomain proximal to transmembrane helix 1. A Glu-Asp, located at the midpoint of this conserved sequence, has been suggested to be important in ligand-mediated signaling of LHR and/or receptor expression or stability, but not binding. One goal of this study was to expand the studies on LHR and determine whether the invariant Glu and Asp residues were functional in FSHR and TSHR as well. Another goal was to investigate systematically the role of ionic strength, particularly Na+, which appears to have enigmatic functions in the three receptors regarding ligand binding and receptor activation, and to ascertain whether any of the purported effects of Na+ could involve the conserved pair of acidic side chains in the ectodomain. COS-7 cells were transiently transfected with cDNAs to the wild-type (WT) receptor (rat) and identical single and double mutants of each (Glu --> Ala, Asp; Asp --> Ala, Glu; and Glu-Asp--> Asp-Glu), followed by characterization of cognate ligand binding and signaling (basal and hormone mediated) in two commonly used buffer systems: Waymouth's medium, containing a near-physiologic concentration of Na+ (132 mM); a low ionic strength buffer with a 1 mM concentration of Na+. The three receptors exhibited differential responses to mutagenesis and the two buffers. Notably, a comparison of basal cyclic adenosine monophosphate (cAMP) production showed that the buffer of lower ionic strength resulted in increased basal cAMP production in WT TSHR but not LHR and FSHR; that the maximal ligand-mediated cAMP production was greatest in the buffer of higher ionic strength for the three WT receptors; that functionality of the conserved Glu and Asp residues in ligand-mediated signaling was buffer dependent in LHR, whereas it did not appear to be particularly important in FSHR and TSHR signaling; and that apparent ligand binding in WT and mutant TSHRs seemed to be particularly diminished in the buffer of higher ionic strength. These results demonstrate that identical amino acid residues in homologous receptors can exhibit distinct functions; moreover, the role of ionic strength (Na+) on signaling differs in the three receptors.